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Epidermal Characteristics Related to Skin Cancer Susceptibility 
KEITH GREGG, PH.D., AND JONATHAN MANSBRIDGE, PH.D.. 
Biochemistry Department, University of Queensland, St. Lucia, Qld. Australia 
We have compared the basal cell labeling index and 
cellular architecture in samples of epidermis removed 
by vacuum blistering from people with or without a 
personal history of skin cancer. Donors with no family 
history of skin cancer showed a basal cell labeling index 
of 5.5% with a standard deviation of 1.3%. Those not 
personally affected but with a family history gave 4.1% 
± 0.4% but among cancer patients the value was approx-
imately doubled to 11.5% ± 2.7%. The proportion of cells 
replicating was reduced after ultraviolet irradiation, 
with a DO of 40 J 1m2 for UVB but no difference could be 
demonstrated between individuals with or without a 
history of skin cancer. 
The most common forms of epidermal cancer are known to 
be associated with the exposure of sensitive skin to sunlight [1 , 
2] and, in the case of experimental animals, to artificial sources 
of ultraviolet [3,4]' Consequently, among susceptible popula-
tions, those living closer to the equator and at high elevations, 
and therefore subjected to more intense sunlight, show a higher 
incidence of skin cancers. Although the connection between 
sunlight and epidermal cancers has been known for many years, 
the way in which sunlight or ultraviolet causes the malignant 
transformation of epidermal cells is not known. 
One approach to understanding actinic carcinogenesis has 
centered luound disease syndromes in which the incidence of 
skin cancers is extraordinarily high and has used a comparison 
of biochemical properties between abnormal and photobio logi-
cally normal cells. The disease syndromes grouped as xero-
derma pigmentosum (XP) are nu:e, recessive, autosomally in-
herited disorders in which there is an extreme susceptibility to 
skin cancers. Many attempts have been made to discover what 
cellular characteristics are responsible for this sensitivity and 
biochemical peculiarities havp. been demonstrated in XP cells 
[8-10]. The biochemical defects may account for reduced UV 
survival but none has yet been proven to be responsible for 
tumor formation. 
In addition to extreme disease syndromes which cause in-
creased susceptibility to skin cancers, there are other genetic 
traits which can be correlated with a less dramatic sensitivity. 
Among susceptible populations the incidence of epidermal neo-
plasia is not random but appears to be related to other pheno-
typic characteristics in a complex manner [1,2]. While cellu lar 
and biochemical studies upon XP have been numerous [11] 
there have been considerably fewer investigations upon this 
more common susceptibili ty, probably because of the difficulty 
involved in identifying individuals. 
We have investigated one way in which a study of genetic 
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susceptibility might be made among so-called normal humans. 
This approach has made use of the fact that, among the 
residents of the state of Queensland (Australia) , there is a very 
high incidence of sun-associated neoplasms. New cases of basal 
and squamous cell carcinoma (i.e., first occlirrence) have been 
reported at the rate of 265 pel' IOU population pel' year, and the 
frequency of actinic keratoses is still higher [1,12). Within 
Queensland, those families predisposed to actinic cancers are 
evident by the OCCUJTence of multiple cases within a family, 
frequently at an earlier age than the average [I]. S imilarly, 
under the prevailing conditions, fami lies in which there is no 
record of skin neoplasms over 2 or more generations of residence 
within Queensland, can be excluded from the hypersensitive 
group with reasonable reliability. 
Using these criteria we have measured basal cell replication 
frequencies in groups classified as being of eithel' normal 0 1' 
elevated sensitivity and have examined the effect of ulLraviolet 
irradiation upon replication frequencies. The stud ies involved 
radioactive labeling of DNA dw-ing synthesis and the subse-
quent detection of replicating cells by autoradiography. In order 
to correct for the very short range of the tritium emission it 
was necessary to make measurements of cellular positions 
within epidermal sam pies. 
MATEHIALS AND METHODS 
Crouping of Donors 
Individuals who donated samples of epidermis were classified in to 3 
major groups of similar age where possible, and were all under 50 yr of 
age. 
Croup I: Donors whose families had been resident in Queensland for 
at least 2 generations and among whom there was no record of epider-
mal neoplasia. In view of the high incidence of skin cancer in Queens-
land, these subjects were regarded as being of low susceptibility a nd 
represent the controls [or this study. T he number of such subjects was 
3 men and 3 women. 
Croup II: Donors who had not personally suffered epidermal neo-
plasms but whose family included at least 1 patient who had developed 
a histologically confirmed epidermal carcinoma. The group included 1 
man and 5 women. 
Croup III: Patients who had personally suffered at least I histolog-
ically confumed epidermal carcinoma, a tota l of 2 men and 2 women. 
In addition to these major groups, epiderm is was a lso taken from 2 
patients with multiple basal cell carcinoma of the trunk wh ich were 
believed to be the resul t of arsenic exposure (Dr. G. Bea rdmore, 
personal communication). 
Finally, [our donors with actinic ke ratoses, who had not suffered 
epidermal carcinoma, were also sampled. 
Removal of Epidermal Samples 
178 
To ensure that direct solar damage did not complicate the results of' 
this study, fragm ents o[ epidermis were removed from the inner surface 
of the upper aJ·m. The eJ)idermis was removed by vacuum blis tering 
[1 3] using a vacuum of 400 mm Hg. The epidermis to be removed was 
shaved, swabbed wi th 70% ethanol and vacuum was applied to 4-mm 
circles of skin, using a hand operated pump eq uipped with a vacuu m 
gauge (Nalge Sybron Corp., Rochester, N.Y.). The suction device was 
removed when the entire area under vacu um was rai 'ed as a blister . 
This stage cou ld be determined vis ibly through the perspex cup. 
The blister was puctured with the shaJ'P tip of a sterile pair of fine 
forceps and, grasping the raised epidermal sheet close to the edge of 
the blis ter, the epidermis was peeled off without furth er stretching. 
Immediately after removal, samples were placed into t issue cul ture 
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medium (RPMI 1640, Grand Island Bio logical Co.) containing 10% heat 
inactivated fetal calf serum. Cu lture medium also conta ined 60 mg/ l of 
both penicillin a nd streptomycin. 
Sample Irradiation 
Epidermal samples were spread, stratum corneum down, in sterile 
plastic Petri dishes (Rayling P lastics, South Austra lia). Irradiation was 
performed in th is situation without additional covering medium using 
e ither a UVS-54 mineralight (U ltravio let Products, San Gabriel, CAl 
wh ich gave emission principally at 254 nm, or twin, FL20SE f1uorescent 
sunla mps (Oliphant, Brisbane) with principal output between 290 and 
320 nm. Ultraviolet exposuJ'e was limited to a maximu m of 100 seconds 
so that evaporation was not a significant factor. Control samples were 
mock irradiated in a similm' manner to standa rdize the effects of high 
oxygen tension a nd manipula tive trauma. Immediately after irradiation, 
t issue cu ltu.re medium was added to the cul ture plate. 
Labeling with "ll thym.idine 
Following irradiation and the retu rn of culture medium to the 
samples, ("H) thymidine (Radiochemical Centre, Amersham) was 
added to the medium at a concentration of 185 kBq/ ml a nd the samples 
were incubated at 37° fo r 24 hl' in a tissue culture incubator in an 
atmosphere of 5% CO, in water saturated air. Remaining in tracellulru' 
pools of precul'sor were chased into DNA by incubation for 24 hr in 
non-radioacLive medium. 
Autoradiography 
Glass microscope slides were heated in an oven at 80° a nd onto each 
slide was placed one drop of warm, 10% solution of gelatin in 0.9% NaC\. 
T his was a llowed to dl'y to a !la t disc on the slide which was then 
removed from the oven. The moist, epidermal samples were spread, 
stratum corneum down, onto the gelatin layer, and the slides were 
rew'ied at 50° for 5 min. Mate rial was fixed in 10% formaldehyde, 0.9% 
NaCI, for 3 days at room temperature and washed briefly in distilled 
water to remove fo rmaldehyde before being dipped in nuclear emulsion 
(Kodak K2), which had been melted at 44 ° and dilu ted 1: 1 with distilled 
wate r. Autoradiographs were exposed for 2 weeks at 4°, developed 
(Kodak Dl~), fixed in Kodak x-ray fixer, a nd washed to eliminate 
residual fixer . 
S lide P repa.ration 
T hose samples required for counting of nucleated cell numbers were 
sta ined in Haematoxylin (G UIT, Seal'le D iagnostics, Bucks, U.K.) for 
30-90 minutes, differentiated briel1y in ac id alcohol (70% etha nol , 0.05% 
HCI) a nd washed for 60-90 min in tapwater containing ammonia (1 
drop of 5% NH.,OH in 20 mls water). After 30 min in 70% ethanol the 
samples were coun te rstained in 1% eosin a nd dehydrated t.hrough a 
series of 70%, 85%, 95%, and 100% etha nol and cleared by soaking in 
two cha nges of xylene before being mounted under a coverslip using 
Permount medium (Fisher Scientific, New Jersey, U.S.A.) . 
Measurement of Basal Cell R eplication Frequency 
Heavy autoradiographic labeling was taken as an indication of 
semiconservat ive DNA synthesis [14]. The freq uency of replication 
among basal ce lls was measured in unirradiated samples as a percentage 
of the nuclei which lay within 2 ,um of the nuclear emulsion. Th is 
correction was necessary to account for the short range of' the tritium 
f3 particle which a llowed only those nuclei very close to the emulsion to 
be detected. While the range of trit ium emission is generally believed 
to be about 1 ~un [22], measurements made using the calibrated foc using 
cont rol of the microscope gave values up to 2 ,um between silver grains 
in the emulsion a nd the underlying nucleus. This was alt.ributed to the 
practice of focusing on the periphery of the nucleus. 
Intra·epiderma.l Memwrements 
Epidermal samples were examined under oil immersion (1,000 X 
magnification) using a n Olympus overhead microscope. Distance meas-
lIl'ements between the silver gra ins in the nuclear emulsion, which 
occupied the posit ion origina lly taken by the basement membrane, a nd 
the periphery of cell nuclei wi lhin the epidermis, were made using the 
calibrated focusing contro\. The microscope condenser was adj usted to 
give a diverging light source and the diaphragm was opened to maxi-
mum aperture. These settings gave the shallowest possible depth of 
fie ld at a ny particular pla ne of focus. The calibra tion of the focusing 
control was checked by comparing measurements made in this way 
with those obtained using a micrometer. For this purpose, thickness 
measurements were made upon a eries of glass cover slips. Agreement 
between the two methods was within 5%. 
The number of nucleated cells per mm" of the epidermal fragments 
was measured by counting the nuclei present in 40-50 fields of 500 ,um' 
area. A minimum of 400 nuclei were counted for each estimate. 
Preparation of Thin Sections 
Epidermal samples required for sectioning were laid flat on a plastic 
Petri dish and a drop of 10% formyl saline was placed on the surface of 
the basal layer. The samples were left undisturbed in this position to 
ensure that they would become fixed in a flat conformation and were 
then immersed in 2 changes of melted paraffin, blocked and cut into 8 
~un sections. The section were attached to cleru', degreased microscope 
slides, hyw'ated through xylene and decreasing concentrations of 
ethanol for autoradiography and stained with haematoxylin and eosin 
as described previously. Finally, the sections were dehydrated, cleru'ed 
and mounted for examination. 
RESULTS 
Distortion of Epidermis by Sample Removal 
The process of raising a flat circle of epidermis into a hemi-
spherical blister was predicted to result in the stretching of the 
tissue by a factor of 2. The number of nucleated cells which 
occurred within a given area of epidermis is shown in the Table, 
TABLE Cell Density in Epidermal Samples 
A. 
Donor Group Nuclei/mrnt (x 10 ") 
I n.a. 2.18 
2 I 1.71 
3 II 2.56 
4 III 2.38 
5 I 1.73 
6 I 2.06 
7 I 1.94 
8 II 2.34 
9 III 2.37 
10 n.a. 2.47 
II III 2.03 
12 n.a. 2.09 
13 n.a. 2.03 
14 II 2.26 
15 I 1.63 
16 I 1.55 
17 III 2.16 
18 III 2.11 
Mean value 2.05 x 10' 
B. 
Group Means ± SO (x 10-" ) 
I 1.77 ± 0.19 
II 2.34 ± 0.16 
III 2.21 ± 0.16 
C. 
Data from Bergstresser, Pru·iser. and Taylor (1978), skin from volar 
foreru'm 
Donor 
1 
2 
3 
4 
5 
6 
Nuclei/ mmt (x 10- ' ) 
5.87 
4.31 
4.02 
4.83 
4.47 
3.62 
Mean value 4.52 x 10' 
A. The density of epidermal nuclei in samples obt.ained by vacuum 
blistering. For an estimate of t he degree of stretch ing caused by this 
technique, pru·t C shows the values obtained by Bergstresser, Pm·iser. 
and Taylor (1978) for enzymatically split skin. Values quoted represent 
the number of nuclei per mm" of epidermis. Section B shows the direct 
compm'ison between groups I, II, a nd IlL Group I was significantly 
lower t.han groups II or III (independently) p < 0.01. Groups II and III 
were essent ially identical (n.a. = donors who were not classified into 
one of the 3 groups). 
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A, and compared directly with the results obtained by Berg-
stresser, Pariser and Taylor [15] for enzymatically spli t skin 
from the volar forearm (Table, B). Judged by the nuclear 
density, fragments of epidemis were stretched, on average, by 
a factor of 2.2. From scanning electron micrographs of whole 
epidermal fragments with different fixatives and from ligh t 
micrographs of 8 /L transverse sections, stretching could be seen 
to decrease the thickness of the epidermis. Drying of samples 
onto slides further reduced the sample thickness and the overall 
effect of these distortions was to decrease the intraepidermal 
depth measurements considerably below those expected from 
normal tissue. Since all techniques were standardized as closely 
as possible it was assumed that distortion was similar in all 
cases. The standru·d deviation of nuclear densities within this 
study was 14% of the mean. In the study by Bergstresser, 
Pariser, and Taylor [15] the standard deviatio n was 17% of the 
mean indicating that vacuum blistering had not increased the 
variability, among donors, of cellular distributions. 
Basal Cell Replication Frequency 
The frequency of heavy autoradiographic labeling was mea-
sured over 2-hr labeling periods at a series of times after sample 
removal. The results (Fig 1) indicated that a certain degree of 
variation occurred. Since the time of sample removal could not 
be standardized, the labeling process was con tinued over a 24-
hr period after sample removal. Experiments in which labeling 
was performed 0-24, 24-48, 48-72, 72-96, and 96-120 hr after 
sampling showed no uptake of "H TdR after 24 hr. When 
treated with epidermal growth factor (30 ng/rnl) 72-96 hr after 
sampling, a small number of basal cells showed replicative TdR 
labeling between 96-120 hr. Typical values for the freq uency of 
grains in lightly labeled, repairing cells were in the range 10 to 
20. The freque ncy of grains in an area equivalent to a nucleus 
but away from labeled nuclei was less than 1 while the grain 
density in heavily labeled, replicating ceUs was too great to 
measure (Fig 2). Examination of autoradiographs of transverse 
sections of epidermis prepared and labeled in the same way as 
the whole mounts showed that 25% of heavily labeled cells 
occurred at a distance greater than 2 /Lm from the emulsion. It 
is not cleru· whether such cells arise from S-phase cells which 
lie above the basal layer or as a resul t of mitosis but no 
difference was observed between the various groups of donors. 
The frequencies of basal cell replication within this 24-h r 
period are shown in Fig 3. T he number of heavily labeled nuclei 
within a fragment of epidermis was expressed as a percentage 
of all t hose nuclei which lay within detection range of the 
nucleru· emulsion (i.e., within 2 /Lm ). T he epidermis from skin 
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FIG 1. Fluctuation in basal cell replication frequ ency after sample 
remova l. Skin samples were incubated with "H-TdR for successive 2 
hr-periods under the condit ions described in the Lext a nd then washed 
and prepared for a utoradiography. 
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F IG 2. Autoradiograph of ultraviolet irradiated skin . A skin sample, 
irradiated with 40 J/m- 2 UVC, was labeled with "H-thymidine a nd 
auto radiographed as described in the methods section (reduced from 
X100). (a) Heavily labeled, replicating cells; (b ) ligh t ly la beled nuclei 
carrying out repa i.r. 
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FIG 3. Frequency of basal t;e ll replication, wi thin 24 hr of sampling, 
in unirradiated epidermis from different groups. 1. Controls, no skin 
cancer history. II. R elations of skin cancer patients. Ill. Skin cancer 
pat ien ts. IV. D onors wi th actinic keratoses. V. Donors wi th BCC 
associated with arsenic ingestion. The di fferent symbols in Groups IV 
and V refer Lo individual patienLs. (N .B. replication frequency for] 
donor in group IV was off the scale at 16%). The frequ ency measured 
in group III was significantly higher tha n that of groups I a nd 11. Ull, 
p < 0.025; II: III, p < 0.001. (Mann-Whitney U test). B ars represent 
standard deviations for the group . 
cancer pa tien ts showed a basal cell replication fTequency ap-
proximately double that of the other groups (I:IlI, p < 0.015; 
II:IU p < 0.001) by Mann-Whitney U test [15]. None of the 
donors without epidermal neoplasms showed a high replication 
frequency. However , 2 of the 4 patients with solar keratoses 
showed replication fTe quencies similar to the cancer patients. 
The 2 donors with non-actinically induced tumours displayed 
replication frequencies similar to the controls. 
Effects of Ultraviolet upon Basal Cell Replication Frequency 
Results from group II and group III donors were combined in 
a group designated as "sensitive," for comparison with the 
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results from control donors. The inhibi tion of DNA synthesis 
by UY is shown in Figs 4 and 5. There was no significant 
differe nce between groups and the number of cells replicating 
th eir DNA was decreased by UY radiation at the average rate 
of 0.9%/J/m~ . The dose required to reduce the number of 
replicating ceUs to l/e of the control (DO) was 40 J /m~ for UYC 
a nd 150 J/m~ for UYE. 
DISCUSSION 
The process of vacuum blistering results in separation of the 
epidermis at the plane ofthe basement membrane. This method 
was used to obtain samples because, since t he dermis remained 
intact, it was possible to remove multiple samples fTom a single 
donor, as was necessary for studies of UY response, without 
leaving permanent scars, withou t anesthetic and with only 
minor d iscomfort. The basement membrane frequently accom-
panied the epidermis and had to be peeled gently away. There 
was no detectable loss of basal cells during this process and it 
would appear t hat epidermis extending between the rete pegs 
was stretched rather than broken. 
The obvious disadvantage of t he method was the resultant 
stretching of the epidermis. This factor, combined with the 
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FIG 5. Inhibition of basal cell replication by UYB in the skin of 
normal (0-0) and "sensit ive" donors, groups II and III (e-e). 
necessity to dry the sample thoroughly for autoradiography, 
caused the distances of nuclei from the position of the basal 
lamina to be radically different from the dimensions of live 
tissues. The chief question in this respect is whether sampling 
distortions significantly influenced the reliability of compari-
sons between groups. We believe that this was not t he case 
because the variability of measurements within any group was 
less than the vru·iation between different groups. It was con-
cluded that the differences detected between groups were valid. 
DNA replication could only be detected under the conditions 
used here for 24 Iu- after the removal of the epidermal sample. 
Cells obtained by vacuum blistering ret.ain viability when ap-
plied to t he dermis [23] and we regru·d the cessation of DNA 
synthesis to result rather from a lack of chemical signals than 
from cell death. The tissue retains its morphology for long 
periods in culture and, further, it was found possible to stimulate 
DNA replication by epidermal growth factor after 5 days in 
culture. Similar behaviour has been observed in keratinocyte 
culture systems [24] and is associated with changes in pyrimi-
dine metabolism. We consider the replication frequencies ob-
tained to represent the population committed to DNA synthesis 
at the time of sampling and therefore to reflect the in vivo 
situation rather than the results of culture conditions. 
During these studies it was necessru·y to remove epidermal 
fragments from a region which is not directly exposed to high 
inten ities of sunlight, to avoid interference by the short-term 
effects of solar damage. For reasons of comfort to the donors 
and ease of access, the inner surface of the ru·m was chosen a 
the most suitable site. T his anatomical region is generally 
shielded from intense sunlight and is very rarely the site of 
actinic neoplasms [1]. 
In as igning donors to groups we have intentionally chosen 
clinical extremes. Many potential donors were not used because 
thei.r family history invo lved un 'ertainties with respect to the 
occurrence of epidermal neoplasia and they could not be allo-
cated a pru·ticulru· grouping within our definitions. The purpose 
has been to examine opposite extremes within a normal popu-
lation, where "normal" denotes the absence of recognizable 
photosensitivity disease syndromes. Groups II and III were 
defined by positive criteria and presented no problem. Group I 
on the other hand, was defined by a negative criterion: the 
absence of skin neoplasms. For residents of such a high risk 
envi.ronment, we feel that the absence of skin cancers over two 
family generations adequately excluded such donors from the 
susceptible group. We do not wish to imply that such donors 
possess a resistance to epidermal carcinogenesis but simply that 
t hey lack a pronounced genetically determined susceptibility. 
None of the donors used in this study were of behavioral 
extreme in seeking or avoiding exposw·e to the sun. 
The elevated frequency of basal cell replication among skin 
cancer patients was shown to be significantly and independently 
higher than in either Group I or Group II. Such hyperplasia 
has been shown to OCClU· in experimentally irradiated mice 
du ring and even .preceding the development of tumors [3]. In 
accordance with that finding we have observed increased cel-
lular proliferation in the epidermis of 2 of the 4 patients with 
actinic keratoses. The presence of actinic keratoses has been 
shown to indicate a 5-fold increase in the liability to develop 
malignant neoplasms [1] and they have arg~ably been consid-
ered to be a premalignant lesion [12,17]' Thus, ow· findings in 
human epidermis are similar to previously reported photobio-
logical properties of animal tissue. It was considered possible 
that the presence of tumours might secondru·ily induce epider-
mal proliferation in regions remote from the actual Ie ions. 
However, t he epidermis [Tom 2 donors with non-actinically 
induced basal cell carcinoma showed no such proliferation so 
the epidermal hyperplasia could not be explained simply as an 
epidermal respon e to the presence of skin cancers. An alter-
nat ive possible explanation is that the increased frequency of 
replicating cells reflects a decrease in the rate of DNA strand 
growth with a consequent increase in the length of S-phase, as 
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has been described in basal cell carcinoma [21]. Whether th e 
finding reflects hyperplasia or a slowing of DNA replication, 
however, it does appear that the changes can be detected in 
skin which is remote from the site of the lesion and unlikely to 
be involved in the development of tumors. 
When ceUs from a xeroderma pigmentosum patient are ex-
posed to ultraviolet, the inhibitory effect upon DNA synthesis 
is greater than that seen in controls [18]. In view of the 
association in t his disease with a high rate of skin cancer and a 
report of reduced unscheduled DNA synthesis in lymphocytes 
from patients with solar keratoses [20] , it was considered pos-
sible that the members of an otherwise normal population who 
appear to be of greater than average skin can cer susceptibility 
might also show increased inhibition of DNA replication by 
UV. Experiments were carried out with 254 nm radiation, a 
wavelength which has been widely used as it produces a high 
yield of thymine dimers regarded as an important photoproduct 
in directly irradiated cells, and with a sun lamp which has an 
output mimicking th e ultraviolet components of sunlight. Ra-
diation in this region of the spectrum has been shown to be 
responsible for erythema, sun tanning and experimental tu-
mours in animals. The results of our UV experiments fail to 
show a significan t difference between groups, although the error 
of measurement was large and a subtle increase in replicative 
inhibition might go undetected. 
We should like to thank Dr. G. Beardmore for assistance with 
obtaining skin cancer patients and with discussion. 
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